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Figure 1 (Color online) Ferroelectric enhanced photoelectric denitrification performance. (a) Schematic diagram of ferroelectric enhanced
photoelectric denitrification; (b) denitrification effect under illumination; (c) analysis of denitrification products; (d) isotope "N labeling experiment;
(e) denitrification effect under alternating light and dark conditions; (f) effects of different concentrations of struvite on photoelectrochemical
denitrification.
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Figure 2 (Color online) Transcriptome analysis of ferroelectric enhancing photoelectric denitrification by struvite in 7. denitrificans. (a) Principal
component analysis plot with/without added struvite; (b) volcano plot of differentially expressed genes with/without added struvite; (c¢) schematic
illustration of the mechanism for heat mapping of electron transfer, energy conversion and denitrification gene expression; (d) mechanism diagram of
ferroelectric enhanced photoelectric denitrification, E;,: built-in electric field, Stv: struvite; (¢) CV curve; (f) LSV curve; (g) the NADH/NAD" ratio in

the system with/without struvite under light/no light conditions.
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Figure 3 (Color online) Construction and characterization analysis of photoelectric-ferroelectric-biological hybrid system. (a) Photograph of the
sample of photoelectric-ferroelectric-biological hybrid system, Stv: struvite; (b) scanning electron microscope image of 7. denitrificans-struvite-CdS
(scale bar: 200 nm); (c) transmission electron microscope image, HAADF dark field image and EDS element distribution map of 7. denitrificans-
struvite-CdS (scale bar: 200 nm); (d) X-ray diffraction diagram (where the standard card of struvite and CdS are PDF#77-2303 and PDF#77-2306,
respectively); (e) Fourier transform infrared spectrogram; (f) Raman diagram of 7. denitrificans-struvite-CdS hybrid system; (g) X-ray photoelectron
spectroscopy diagram; XPS diagrams of Mg 1s (h), P 2p (i), Cd 3d (j) and S 2p (k) of T. denitrificans-struvite-CdS.
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Figure 4 (Color online) Analysis of the formation mechanism of ferroelectric electronic bridge in biohybrids. (a) Current-time (I-f) curve under
alternating light and dark conditions; (b) correlation between different concentrations of ferroelectric materials (struvite) and photocurrent;
(c) photoluminescence spectrum decay diagram; (d) hysteresis loop and /-V curve of the hybrid structure of T. denitrificans-struvite-CdS; (¢) PFM
imaging of T. denitrificans-struvite-CdsS, including height, surface potential, amplitude and phase diagrams (scale bar: 200 nm); (f) butterfly curve and
phase inversion diagram of 7. denitrificans-struvite-CdS; (g) XPS valence band spectrum; (h) Tauc band gap width calculation diagram; (i) band
structure diagram; (j) mechanism diagram of photoelectron generation, transfer and utilization induced by ferroelectric spontaneous polarization, Stv:
struvite, 7. d: T. denitrificans, CB: conduction band, VB: valence band.
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Nano-mineral enhanced microbial photoelectric denitrification:
Ferroelectric electron bridge effect

ZHANG Suo, CHEN Zhen, REN XiangXu, LIU Lu, REN GuoPing & ZHOU ShunGui

College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China

Photoelectric denitrification is a green and efficient technology for solving nitrate pollution in water bodies. With its advantages of
low energy consumption and no pollution, it has become a research hotspot in the field of environmental governance. The efficiency
of interfacial electron transfer is the key factor determining the denitrification rate, and its improvement is directly related to the
application effect of the technology. However, in traditional systems, photogenerated carriers are prone to recombination, the spectral
response range of sunlight is narrow, and the energy conversion path is single, which makes it difficult to efficiently convert light
energy into chemical energy and seriously restricts the improvement of denitrification performance. To address this issue, this study
aims to utilize the spontaneous polarization characteristics of ferroelectrics to construct an efficient and directional electron bridge
between photosensitive semiconductors and microorganisms, thereby enhancing the capture and transfer efficiency of photoelectrons.
Here, Thiobacillus denitrificans (T. denitrificans) was used as the model microorganism to construct a 7. denitrificans-struvite-CdS
hybrid system. In this system, struvite, as a natural ferroelectric material, builds a spontaneous polarization electric field between CdS
and T. denitrificans. This electric field not only rapidly and efficiently captures the photogenerated electrons on the surface of CdS
and inhibits carrier recombination but also transfers electrons to 7. denitrificans through directional polarization, allowing it to
capture, intake and utilize them with the help of its abundant transmembrane electron transfer proteins, thereby achieving efficient
denitrification and the efficient conversion of light energy to chemical energy. In summary, this study proposes a new strategy of
interfacial electron transfer mediated by the polarization electric field of ferroelectric materials, successfully constructs an efficient
and directional electron channel, and provides new ideas and technical options for the biological photoelectrochemical treatment of
environmental pollution.

ferroelectric materials, photogenerated carrier separation, electron transfer channel, wastewater denitrification
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